All-organic fluorine-free superhydrophobic bulk material with mechanochemical robustness and photocatalytic functionality by Liu, Shanqiu et al.








All-organic fluorine-free superhydrophobic bulk material with
mechanochemical robustness and photocatalytic functionality
Liu, Shanqiu ; Wan, Wenchao ; Zhang, Xiaotian ; De Crema, Alessandro ; Seeger, Stefan
Abstract: Artificial superhydrophobic surface has attracted extensive research interests and versatile
applications have been demonstrated. However, such surfaces feature mechanical and chemical suscep-
tibility and lose superhydrophobicity after oily contamination. So far, developing a simple method to
fabricate superhydrophobic material featuring mechanochemical robustness along with oil fouling resis-
tance remains challenging. Here we describe a straightforward approach to fabricate superhydrophobic
bulk composite materials with photocatalytic functionality that simultaneously feature mechanochemical
robustness and oil fouling resistance. The obtained bulk material shows mechanical robust superhy-
drophobicity throughout its whole volume and maintains excellent water repellency after exposure to
highly corrosive liquids and organic solvents. Notably, the bulk material possesses photocatalytic self-
cleaning functionality, which enables the elimination of the oily contaminations on the substrate surface,
leading to the regeneration of its superhydrophobicity. The robust superhydrophobicity and functional-
ity provide the developed bulk material potential applications in harsh chemical and oily environments
where robustness is required.
DOI: https://doi.org/10.1016/j.cej.2019.123969






The following work is licensed under a Creative Commons: Attribution-NonCommercial-NoDerivatives
4.0 International (CC BY-NC-ND 4.0) License.
Originally published at:
Liu, Shanqiu; Wan, Wenchao; Zhang, Xiaotian; De Crema, Alessandro; Seeger, Stefan (2020). All-organic
fluorine-free superhydrophobic bulk material with mechanochemical robustness and photocatalytic func-




All-organic Fluorine-free Superhydrophobic Bulk Material with 
Mechanochemical Robustness and Photocatalytic Functionality 
 
Shanqiu Liu, Wenchao Wan, Xiaotian Zhang, Alessandro De Crema and Stefan Seeger* 
 
Department of Chemistry, University of Zurich, Winterthurerstrasse 190, CH-8057 Zurich, 
Switzerland. 
 




Artificial superhydrophobic surface has attracted extensive research interests and versatile 
applications have been demonstrated. However, such surfaces feature mechanical and chemical 
susceptibility and lose superhydrophobicity after oily contamination. So far, developing a 
simple method to fabricate superhydrophobic material featuring mechanochemical robustness 
along with oil fouling resistance remains challenging. Here we describe a straightforward 
approach to fabricate superhydrophobic bulk composite materials with photocatalytic 
functionality that simultaneously feature mechanochemical robustness and oil fouling 
resistance. The obtained bulk material shows mechanical robust superhydrophobicity 
throughout its whole volume and maintains excellent water repellency after exposure to highly 
corrosive liquids and organic solvents. Notably, the bulk material possesses photocatalytic self-
cleaning functionality, which enables the elimination of the oily contaminations on the substrate 
surface, leading to the regeneration of its superhydrophobicity. The robust superhydrophobicity 
and functionality provide the developed bulk material potential applications in harsh chemical 
and oily environments where robustness is required. 
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Superhydrophobicity of solid substrate surfaces, which is inspired by nature such as, lotus 
leaves [1], water strider legs [2], dragonfly wings [3] and so on, has attracted tremendous 
interests in both academia and industry due to its remarkable applications in self-cleaning [4−9], 
anti-icing [10, 11], anti-corrosion, [12] water-oil separation [13−18] and energy-saving fluid 
transport, [19, 20] etc. To date, various artificial surfaces featuring excellent water repellency 
have been exploited either by mimicking the micro-/nanoscale textures of natural non-wetting 
surfaces or by coating with low free energy substances. [21−25] However, the practical 
exploitation of these superhydrophobic surfaces is severely hampered by their poor mechanical 
durability as well as susceptibility to oily contamination and chemical corrosion. [26, 27]  
To enhance mechanical robustness, superhydrophobic coatings including inorganic particles 
[28, 29] (e.g., functionalized SiO2) or applying on substrates that inherently feature abrasion 
resistance (e.g., concretes, [30] elastomers [31] and textiles [5]) have been developed. However, 
the mechanical durability of such coatings is highly dependent on the adhesive strength of the 
applied coating layer, [32] and the superhydrophobicity cannot be preserved after the coating 
layer is worn off. Moreover, the coating layer normally suffers its instability from organic 
solvents, and oil fouling could negate its superhydrophobicity as well. [33] 
Fabrication of water repellent bulk materials is a new concept in designing robust 
superhydrophobic material as the superhydrophobicity is found throughout the whole bulk 
volume and not just confined to its surface. To date, only a few studies have reported the 
exploitation of superhydrophobic free-standing items by simply compressing the composite 
particulates of inorganic nanofillers and polymers. For instance, Zhou and co-workers [34] 
reported a superhydrophobic free-standing composite by directly pressing the mixture of 
polytetrafluoroethylene particulates and carbon nanotubes. Despite of the improved damage-
tolerant superhydrophobicity for the obtained material, this method suffers from the cost and 
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environmental issues due to the use of fluorinated compounds. To avoid the use of fluorides, 
Zhang and co-workers [35, 36] dispersed hydrophobic SiO2 nanoparticles in nonfluorinated 
polymer (e.g., polystyrene and polyhexamethylene adipamide) solutions, followed by 
precipitation and drying of the mixture to get composite particles, subsequently, the obtained 
particles were pressed under high pressure at room temperature to achieve superhydrophobic 
bricks. Although these superhydrophobic free-standing items exhibit a better mechanical 
durability compared to traditional superhydrophobic surfaces, they still feature poor stability, 
especially when they are exposed to organic solvents, due to the absence of a gluing layer 
between the particulates. Moreover, these superhydrophobic free-standing items still lose their 
superhydrophobicity after contaminated with oily dirt. Therefore, fabrication of 
superhydrophobic materials that simultaneously feature mechanochemical robustness and good 
resistance to oil fouling is extremely appealing but remains challenging. 
In this work, we report all-organic fluorine-free superhydrophobic bulk material exhibiting 
photocatalytic functionality based on polypropylene (PP) and graphitic carbon nitride (g-C3N4). 
Beyond this, the material features mechanochemical robustness and good resistance to oil 
fouling. The as-prepared bulk material demonstrates excellent water repellency when exposed 
to either air or oil and shows good resistance to highly corrosive liquids (e.g., strong acids and 
bases) as well as organic solvents. Mechanical damage such as intensive abrasion, compression, 
tape-peeling or even cutting deeply into the material, do not lead to the loss of 
superhydrophobicity. Notably, the bulk material possesses photocatalytic self-cleaning 
functionality under visible light irradiation due to the included g-C3N4, which enables the 
elimination of oily dirt contaminated on the substrate surface, leading to the regeneration of its 
superhydrophobicity even after oil contamination. In addition, this strategy can be used as a 
general method to fabricate various kinds of superhydrophobic bulk materials with visible-
light-driven photocatalytic self-cleaning functionality. The exploitation of bulk materials with 
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robust superhydrophobicity throughout its whole volume and simultaneously feature 
photocatalytic self-cleaning functionality paves the way on the design of energy-saving and 
maintenance-free self-cleaning materials that can be used in harsh chemical and oily 
environments. 
 
2. Experimental Section 
2.1 Materials 
Toluene (99.8%), tetrahydrofuran (THF) (≥ 99.5%), N, N-dimethylformamide (DMF) (≥ 
99.8%), chloroform (≥ 99%), dicyandiamide (99%), hydrochloric acid (37%), sodium 
hydroxide (≥ 97%), oleic acid (≥ 99%) and rhodamine B (≥ 95%) were purchased from Sigma-
aldrich. Ethanol (absolute for analysis) and acetone (absolute for analysis) were purchased from 
Merck Millipore. Polypropylene particulates of ~ 10 μm (PROPOLDERTM FPP4010) was 
supplied by TWOH Chem Ltd. PDMS (Sylgard 184, silicone elastomer base and curing agent) 
was purchased from Dow Corning. Milli-Q water was produced by a Millipore Simplicity 
system (Billerica, MA, USA). Unless otherwise mentioned all other chemicals were used as 
received. 
2.2 Sample preparation 
Graphitic carbon nitride (g-C3N4) was synthesized by a thermal polycondensation method 
using dicyandiamide as a precursor. The reaction was conducted in a muffle furnace with the 
precursor in a ceramic crucible covered with the cap under the temperature of 550 °C for 2 h 
with the heating rate of 5 oC·min-1. The obtained g-C3N4 was further ground by a ball mill 
(Retsch PM100, Germany) at 500 rpm for 2 h. To prepare the bulk composites, 0.5 g g-C3N4 
and 5 g polymer (PP or PE) particulates were mixed with 1.5 g PDMS (silicone elastomer and 
curing agent at 10:1 by weight) and 5 ml toluene, and the resultant mixture was mechanically 
stirred at 500 rpm for 30 min. Subsequently, the obtained blend was placed into a mold and 
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pressed at 110 °C using a template-based hot-press technique. The applied pressure and pressing 
time were 20 kPa and 20 minutes, respectively. The obtained bulk composites were treated at 
80 °C under vacuum condition for 12 h before any further characterization. 
2.3 Characterizations  
A high resolution scanning electron microscope (SEM) combined with Energy Dispersive X-
Ray (EDX) (Zeiss Supra 50 VP, Germany) were used to characterize the bulk composite 
material microstructures. The typically used electron acceleration voltage was 10 keV. Prior to 
SEM-EDX analysis the samples were coated with 10 nm layer of platinum via a sputter coater 
(Safematic CCU-010, Switzerland). Fourier transform infrared (FTIR) spectra were obtained 
with a Bruker vertex 70 attenuated total reflection (ATR) FTIR Spectrometer equipped with an 
ATR single reflection crystal (Bruker Optic GmbH, Germany). The spectra were collected in 
the range of 400 - 4000 cm-1 (64 scans) and the background spectra were recorded against air. 
Powder X-ray diffraction (XRD) analysis was performed by a PANalytical X’pert 
diffractometer operated at 40 kV and 40 mA using Cu Ka radiation. Photoluminescence (PL) 
measurements were recorded on a Hitachi F-7000 fluorescence spectrometer. UV–vis 
spectroscopy was measured on a Shimadzu UV-2600 spectrophotometer. An RPR-200 model 
reactor (SNE Ultraviolet Co., USA) with eight UV lamps (SNE Ultraviolet Co., USA) featuring 
emission wavelength at 350 nm was employed to evaluate the UV resistance property of the as-
prepared bulk material. The contact angle and sliding angle measurements were performed 
using a Contact Angle System OCA (Stuttgart, Germany). 
Mechanical performance tests. The measurements were performed with an Instron 3345 
universal testing device. For the flexural tests, a three-point bending setup was used. The 
support span was set to be 18 mm. The typical sample dimensions were 30 mm × 10 mm × 1 
mm. A gap of 30 mm was used in the tensile measurements and the typical sample dimensions 
were 60 mm × 10 mm × 1 mm. In compressive measurements, circular samples with diameter 
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of 15 mm and height of 5 mm were used. The applied testing rate for all the measurements was 
1 mm·min-1. For average values of the maximum stress and strain, at least three specimens of 
each type sample were measured. 
Abrasion test. The mechanical abrasion measurements were conducted using a reciprocating 
sliding abrasion machine (TQC, Germany). The friction partner (280 grit sand paper) was 
mounted on a reciprocating sled which oscillates with a given stroke speed. Each reciprocating 
sliding abrasion was counted as one abrasion cycle. During abrasion test, the samples were 
mounted on the sample holders with double sided tape. The applied load, stroke speed and 
distance were 530 g, 15 cycles·min-1 and 30 cm, respectively. The contact angles and sliding 
angles of the abraded samples were measured as a function of abrasion cycles. 
Tape-peeling test. An adhesive tape (3M, Scotch® Magic™ Tape 810) with adhesion force 
of 250 N·m-1 to steel (ASTM D-3330) was used for the tape-peeling test. The tape was placed 
and pressed with a load of 900 g on the superhydrophobic bulk composite surface to achieve 
uniform contact between the tape and the substrate, followed by slowly peeling the tape away 
from the substrate surface. The contact angles and sliding angles of the tape-peeled substrates 
were investigated as a function of tape-peeling cycles. 
Photocatalytic experiments. All the photocatalytic experiments were carried out by using a 
300W Xe lamp as the light resource (light intensity of 40.8 mW·cm-2) with a visible light filter 
(> 420 nm). The bulk material surface was contaminated by adhesion of oleic acid 
(CH₃(CH₂)₇CH = CH(CH₂)₇COOH) (dissolved in acetone, 0.5 mol·L-1). Visible light irradiation 
was carried out for 6 h to decompose the oleic acid contaminated on the bulk material surface. 
The photocatalytic performance was also evaluated by the decolorization of rhodamine B 
(dissolved in ethanol, 10 mg·L-1) contaminated on the bulk composite material surface, and the 




3. Results and Discussion 
3.1. Achieving the Functional Bulk Material 
Prior to the bulk material preparation, g-C3N4 was synthesized using dicyandiamide as a 
precursor (Fig. 1a). The crystallographic structure of the obtained g-C3N4 was characterized 
with X-ray diffraction (XRD) technique, as shown in Fig. 1b. The intense peaks at 2Ɵ value of 
~27o and ~13o indexing to the (002) and (100) crystal planes of g-C3N4, which are ascribed to 
the in-plane structural packing motif and the inter-planar stacking of graphite-like conjugated 
triazine aromatic sheets, respectively. [37] TEM was also used to investigate the morphology 
and microstructure of the obtained g-C3N4, and the result is shown in Fig. 1c.  
 
Fig. 1. (a) Strategy of the bulk composite material preparation. The curing of PDMS was 
induced during the pressing procedure at 110 °C. g-C3N4 was synthesized from dicyandiamide 
at 550 °C prior to the fabrication of the bulk composites. (b) X-ray diffraction (XRD) patterns 
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of g-C3N4. The insets show a photo of the synthesized g-C3N4 (left) and its chemical formula 
(right). (c) TEM images of the synthesized g-C3N4. (d-f) SEM images showing the microscopic 
structure of the bulk composite at different magnifications. (g-j) Corresponding EDX mapping 
of the bulk composite. Photos showing the bulk composite with (k) a jet of water bouncing off 
(with jet flow of 158 ml · cm-2 ·s-1 and incident angle of ~ 45° with respect to the bulk composite 
surface) and (l) mirror-like phenomenon in water under natural light (observation angle of ~ 
50° with respect to the bulk composite surface). (m) Time resolved images showing a 10 µL 
water droplet bouncing on the bulk composite surface. 
The as-prepared g-C3N4 was subsequently employed as photocatalyst to blend with PP 
particulates and PDMS (i.e., siloxane oligomer and siloxane cross-linkers), followed by 
compressing the mixture into bulk composites using a template-based hot-press technique (Fig. 
1a). Commercially available 400 grit sandpapers (Fig. S1) were used as templates to retain the 
rough surface morphology. During hot pressing, the cross-linking between siloxane oligomer 
and siloxane cross-linkers was induced (Fig. 1a), [38] resulting in the formation of PDMS 
elastomer, which acts as the binder between PP and g-C3N4 particulates and promote the 
robustness of the obtained bulk composites. 
Fig. 1d-f shows the scanning electron microscopy (SEM) images of the microstructures for 
the obtained bulk composites. A hierarchical rough morphology can be clearly observed: the 
rough surface morphology resulted from template-based hot pressing (with protrusion height 
of ~ 55 µm, as shown in Fig. S1a-b); the stacking PP particles (~ 10 µm) agglutinated by cross-
linked PDMS are clearly visible as well as the g-C3N4 particulates (< 2 µm) attached on the PP 
surface. The highly dispersed g-C3N4 particulates in the bulk composite was further confirmed 
by the presence of corresponding nitrogen signal from energy dispersive X-ray spectroscopy 
(EDX) results (Fig. 1g-j). 
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The obtained bulk composite features excellent water repellency. As shown in Fig. 1k, a jet 
of water can easily bounce off the bulk composite surface without leaving any trace (Movie 1, 
Supporting Information). A mirror-like reflective behavior was observed when the bulk 
material was submerged in water (Fig. 1l) and it remained completely non-wetting after being 
taken out, which directly demonstrated the existence of the air cushion between the solid surface 
and water. [39] This is in accordance with the Cassie-Baxter theory; hence, the interaction 
between the solid surface and water is very weak, resulting in the superhydrophobicity of the 
as-prepared bulk composites. Strikingly, when a water droplet fell on the bulk composite, it can 
easily and completely bounce off from the solid surface instead of resting on it (Fig. 1m and 
Movie 2 (Supporting Information)). These observations indicate the ultra-low adhesion of the 
solid surface with water and well explain the very high water contact angle (ƟCA) (~171.0°) and 
very low sliding angle (ƟSA) (~ 7.0°) of the obtained material. These unique performances of 
the bulk composite can be attributed to its surface microscale roughness along with the 
hydrophobicity of PP particulates and the low surface energy of the binding PDMS. The non-
wetting behavior of the water droplets on the bulk composite surface can be elaborated by the 
Cassie model. [40] 
3.2. Mechanochemical Robustness 
Mechanical susceptibility is the main issue that limits the practical application of 
superhydrophobic surfaces. Here, four different types of mechanical robustness tests were 
conducted for the as-prepared bulk composites and the results are shown in Fig. 2. 
A schematic of the abrasion test is presented in Fig. 2a. The changes in ƟCA and ƟSA of the 
bulk composite with the abrasion cycles are shown in Fig. 2b. The ƟCA of the bulk composite 
remained around 170° after 150 reciprocating abrasion cycles. ƟSA was slightly increased after 
150 cycles abrasion, yet it remained under 10°. This indicates an excellent abrasion-resistant 
superhydrophobicity of the as-prepared bulk composite. We attribute the above abrasion-
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durable superhydrophobicity to the microstructure of the bulk composite throughout its whole 
volume as well as the micro- and nanoscale rough surface texture induced by the abrasion (Fig. 
3a). 
To demonstrate the bulk’s superhydrophobic properties ƟCA and ƟSA measurements have 
also been performed on freshly generated surfaces of the bulk material by cutting the solid body. 
Here, cylindrical bulk composites (10 mm in height and 5 mm in diameter) were prepared, 
followed by cutting deeply into it at different distance (Fig. 2a). The water repellency of the cut 
cross-sections was measured. The freshly cut cross-sections exhibit comparable ƟCA of ~ 170° 
and ƟSA of ~ 9° (Fig. 2c), which indicates that the internal part of the bulk composites features 
superhydrophobic properties. This is further verified by a spherical water droplet sitting on the 
cross-section crack of the bulk composite (Fig. 2f). The above observations suggest that the 
obtained bulk composite material exhibit excellent water repellency extending throughout its 
whole volume. This is evidently explained by the micro-/nanoscale roughness features of the 




Fig. 2. (a) Schematics of abrasion, cutting, compression and tape-peeling tests. The effect of 
(b) abrasion cycles, (c) cutting position from surface, (d) compression time and (e) tape-peeling 
cycles on the ƟCA and ƟSA of the prepared bulk composites. (f) A 10 µL water droplet 
spherically sitting on the cross-sectional crack showing superhydrophobicity inside the bulk 
composite. (g) The complete bouncing of a 10 µL water droplet on the bulk composite surface 
(1) after 150 cycles abrasion at 530 g load, (2) after 48 h compression under 14 kPa and (3) 
after 60 cycles of tape-peeling. 
The water repellency of the as-prepared bulk material exhibits highly compression and tape-
peeling resistant, as well. The schematics of compression and tape-peeling tests are shown in 
Fig. 2a. After 48 h compression at 14 kPa, ƟCA remained around 170°, whereas a slight increase 
of ƟSA from ~ 7° to ~ 11° was observed (Fig. 2d). The retained superhydrophobicity of the bulk 
composite after compression is ascribed to its remaining rough surface texture (Fig. 3d). Fig. 
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2e shows that even after 60 cycles of tape-peeling the ƟCA and ƟSA remains ~ 170° and ~ 7°, 
respectively. The complete bounce of a water droplet on the abraded, compressed or tape-peeled 
bulk composite surface (Fig. 2g) further confirms the retained superhydrophobicity. We 
attribute the above mechanically robust superhydrophobicity of our bulk composite to the 
micro-/nanostructures throughout its whole volume along with the introduced low surface 
energy PDMS binders. 
The mechanical properties, e.g. flexural, tensile and compressive properties, are vital 
features of bulk materials for practical applications, yet they have never been reported for a 
superhydrophobic bulk material. Here, the mechanical performance of the obtained 
superhydrophobic bulk composites were investigated, as well. Flexural tests were performed 
on the bulk composite to determine its bending properties (Fig. 3e). The flexural strength, strain 
and modulus for the as-prepared bulk composites were determined to be 16.9 ± 1.41MPa, (2.5 
± 0.53) % and 1.5 ± 0.26 GPa, respectively. In addition, the tensile and compressive 
measurements were also conducted on such bulk composites (Fig. 3f and g). The bulk 
composites featuring the tensile strength and strain of 6.0 ± 0.49 MPa and (2.7 ± 0.44) %, 
respectively, and it can survive with a compressive stress of up to 27.1 ± 1.92 MPa before being 
crushed. These results indicate good mechanical properties of the obtained bulk material. For 
comparison, composite materials (PP/PDMS) without g-C3N4 and composites (PP/g-C3N4) 
containing no PDMS were prepared and evaluated with tensile measurements (Fig. S2). When 
compared with the as-prepared bulk material, comparable tensile strength was obtained for the 
composites containing same amount ratio of PDMS but without g-C3N4, whereas a much lower 
tensile strength was found for the composites containing no PDMS. These observations suggest 




Fig. 3. SEM images of (a) the abraded surface after 150 cycles abrasion, (b) freshly cut section, 
(c) randomly fractured surface and (d) compressed surface under14 kPa for 48 h. (e) Flexural, 
(f) tensile and (g) compressive test results of the bulk composites. The inserts showing the 
corresponsive schemes of the mechanical performance tests for the bulk composites. 
Chemical durability plays a vital role in the practical application of superhydrophobic 
materials, as well. [33] Here, chemical durability of the prepared bulk composites was assessed 
by immersing the bulk material in the corrosive solutions and periodically removing the 
samples, followed by measuring the ƟCA and ƟSA of the corroded samples after water rinsing 
and drying. 
0.1 M hydrochloric acid (HCl) and 0.1 M sodium hydroxide (NaOH) solutions were used to 
assess the chemical corrosion resistance of the bulk composite. Fig. 4a and b present the effect 
of corrosion time on ƟCA and ƟSA of the bulk composites in HCl and NaOH solutions, 
respectively. A gradual decrease of ƟCA and increase of ƟSA were observed with increase of 
corrosion time in both HCl and NaOH solutions. However, after 1 h corrosion from both HCl 
and NaOH solutions, the ƟCA and ƟSA of the bulk composites remained above 165° and below 
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20°, respectively. SEM images of the bulk composites surface show no observable damage after 
both HCl (Fig. 4c) and NaOH (Fig. 4d) corrosion. Strikingly, after the corroded surface was 
removed by mechanical abrasion, the original water repellency of the bulk material can be 
restored due to the exposure of renewed surfaces (Fig. 4a and b). Note that this restoration 
procedure can be continuously repeated until the bulk composites have been worn out. 
 
Fig. 4. Influence of (a) HCl and (b) NaOH solution corrosion time on the water repellency of 
the bulk composite. SEM micrograph of the bulk material surface after 60 min corrosion in (c) 
HCl and (d) NaOH solutions. (e) ƟCA and (f) ƟSA of the bulk composites before and after 48 h 
of corrosion in different organic solvents. 
Moreover, the superhydrophobic bulk composites demonstrate excellent resistance towards 
organic solvents, as well. The ƟCA and ƟSA of the bulk material before and after 48 h 
submersion in the test organic solvents were measured. In contrast to the reported 
superhydrophobic coatings [33, 41] and free-standing items [35−36], our bulk composites 
exhibit excellent stability towards these aggressive solvents, such as dimethylformamide 
(DMF), tetrahydrofuran (THF) and chloroform, due to the induced crosslinked PDMS binder 
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layer between the particulates. After 48 h submersion, both the ƟCA and ƟSA of the bulk 
composites surface remained changeless for all the tested organic solvents (Fig. 4e and f), and 
the exposed surface exhibited no observable damage (Fig. S3, Supporting Information). In 
addition, the obtained superhydrophobic bulk material features good resistance towards UV 
irradiation, for instance, after 12 h exposure to UV light, no observable damage was found for 
the microrough surface and the ƟCA and ƟSA of the bulk material were maintained around 170° 
and below 10°, respectively (Fig. S4, Supporting Information). 
These observations reveal that our bulk materials feature good chemical corrosion resistance 
and excellent restorative ability of water repellency compared to widely reported 
superhydrophobic surfaces. Such excellent anticorrosive repellency can be attributed to the 
synergistic effect of the high chemical stability of the bulk composite and the micro-rough 
structures throughout its whole volume. 
3.3. Photocatalytic Self-cleaning Functionality 
Superhydrophobic surfaces normally dispel their superhydrophobicity after contamination with 
oily dirt. However, the as-prepared bulk composite features the ability of regeneration of 
superhydrophobicity even after oily dirt contamination due to its photocatalytic self-cleaning 
functionality. [42, 43] To investigate the photocatalytic self-cleaning properties of the obtained 
bulk material, we contaminated the sample with oleic acid as a model of oily dirt. The 
regeneration of superhydrophobicity was examined by measuring the changes in ƟCA and ƟSA 
of the contaminated bulk composite before and after visible light irradiation. As shown in Fig. 
5a-c, after contamination with oleic acid ƟCA of the bulk material was decreased from ~ 171° 
to ~ 114°, and the water droplets on its surface cannot roll off (ƟSA > 90°). After 6 h visible 
light irradiation, the superhydrophobicity of the bulk composite (containing g-C3N4) was 
recovered (Fig. 5a-c) due to its photocatalytic self-cleaning functionality which resulted from 
the photocatalytic activity of the included g-C3N4. In contrast, the bulk material without g-
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C3N4 could not recover its superhydrophobic state even after visible light irradiation (Fig. S5, 
Supporting Information). This shows that the removal of oleic acid on the bulk material surface 
was realized by the photocatalytic activity of the included g-C3N4. Furthermore, after 5 cycles 
of contamination and successive photodegradation of oleic acid, the bulk composite (with g-
C3N4) maintains its water-repellent sate with ƟCA of ~ 170° and ƟSA of ~7°, as shown in Fig. 
5b and c. The photocatalytic performance of the bulk material on the degradation of oleic acid 
was revealed by FTIR absorbance spectra, as well (Fig. 5d). The presence of absorbance band 
at 1709 cm−1 following oleic acid contamination can be clearly observed in the FTIR spectra, 
which is ascribed to the C−O stretching of oleic acid. [44] This absorbance band disappeared 
after 6 h of visible light irradiation, which indicates quantitative photodegradation of oleic acid. 
The photodegradation of organic molecules is not limited to the oily contamination. To 
further investigate the self-cleaning property, we contaminated the bulk composite material 
with both inorganic micro-sized particles (quartz sand) and an organic dye (rhodamine B, 
indicated by the pink color on the substrate surface, Fig. 5e (1)). As a comparison, bulk material 
without g-C3N4 was contaminated with the inorganic particles and dye as well (Fig. 5e (2)). 
After rinsing with water, the micro-sized particles were efficiently removed from the bulk 
material surface (Fig. 5e), which is due to the lotus effect of the water repellent surfaces [45] 
that the particles were taken along by the rolling water drops (Movie 3, Supporting Information). 
Although inorganic particles can be efficiently removed by water rinsing, the organic 
contaminant remaining on the surface are typically difficult to remove from a superhydrophobic 
surface without washing by organic solvents (Fig. 5e). To remove the remained organic dye, 
the bulk materials were subsequently irradiated with visible light. After 2 h of visible light 
irradiation, the pink color disappeared from the surface of the bulk material containing g-C3N4 
(Fig. 5e (1)), while the one without g-C3N4 remains pink (Fig. 5e (2)). The decolorization of 
the bulk material with g-C3N4 indicates that the degradation of organic dye was achieved by 
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the photocatalytic activity of the included g-C3N4. Strikingly, even after 10 cycles of dye 
contamination and successive visible light irradiation, the superhydrophobicity of the bulk 
material remains unchanged (Fig. S6, Supporting Information).  
 
Fig. 5. (a) Images of a water droplet on the bulk composite (with g-C3N4) surface before and 
after contamination with oleic acid, as well as after irradiation of visible light for 6 h. Variation 
of the (b) ƟCA and (c) ƟSA of the bulk composite (with g-C3N4) in five cycles of oleic acid 
contamination and visible light irradiation. (d) Single reflection ATR-FTIR absorbance spectra 
of the bulk composite before and after oleic acid contamination, as well as after visible light 
irradiation for 6 h. The black arrow in the FTIR spectra indicate the characteristic FTIR 
absorbance of oleic acid. (e) Images of self-cleaning process on the superhydrophobic bulk 
material. The bulk material surface was contaminated with rhodamine B (RhB) dissolved in 
ethanol and quartz sand particles. (f) The UV-Vis diffused reflectance spectra and 
photoluminescence (PL) spectra of the bulk composites with and without g-C3N4. (g) 
Mechanism illustration for the photodegradation of organic contaminants on the 
superhydrophobic bulk composite. 
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To prove the origin of the photocatalytic activity of the bulk composite material, UV-Vis 
absorption spectra and photoluminescence (PL) spectra were investigated further. As shown in 
Fig. 5f, the typical absorption edge appeared in the bulk composite with g-C3N4, while the one 
without g-C3N4 shows no response to the UV-vis absorption, indicating the addition of g-C3N4 
endows photocatalytic capacity to the composite material. The PL spectra further confirmed the 
range of the light response for the bulk composite with g-C3N4 is located in the visible area 
(400-550 nm), which agrees well with the reported bare g-C3N4 photocatalyst. [46] However, 
for the bulk composite containing no g-C3N4, there is no obvious absorption signal across the 
whole spectrum. Based on the above discussion and the typical photocatalytic process, we 
propose the photocatalytic reaction mechanism (Fig. 5g) in the following processes: [47-50] 
The visible light illuminates on g-C3N4 and stimulates the valence band (VB) to generate 
photoelectrons, which can easily go to the conduction band (CB) of g-C3N4 and combine with 
the contacted O2 to form active O2
•. The left holes in the valence band (VB) along with the O2
• 
are the main active species for the photodegradation of oily contaminations and organic dyes. 
Notably, the self-cleaning of our bulk material was found to function in either oil or air, as 
shown in Fig. S7 (Supporting Information). When the bulk material was immersed in oil, the 
oil can gradually penetrate through its surface, and the water droplets were supported by both 
oil and the surface microstructure. [51] This results in the similar self-cleaning performance in 
oil to that in air, [52] i.e., the bulk material maintained its water repellency and self-cleaning 
ability when immersed in oil (Fig. S7e-g). In air, after oil immersion, the surface microstructure 
of the bulk composite can lock the oil contamination as a lubricating fluid, resulting in a slippery 
state (Fig. S7d and Movie 4, Supporting Information). [53, 54] Dirt can be taken away from the 
bulk material surface by the sliding over water drops (Movie 5, Supporting Information). 
In addition, with this strategy, superhydrophobic bulk composites based on polyethylene, 
and polystyrene particulates were prepared as well. Similar to the PP based bulk composite as 
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discussed above, these bulk materials also feature excellent superhydrophobicity and 
photocatalytic self-cleaning functionality (see Fig. S8). The outstanding water repellency of the 
as-prepared bulk composites can be attributed to the microrough structures throughout their 
whole volume along with the low surface energy of the binding PDMS, while the photocatalytic 
self-cleaning performance is ascribed to the photocatalytic activity of the introduced g-C3N4. 
Thus, the developed strategy can be used as a general hot press method to prepare robust 
superhydrophobic bulk materials with visible-light-driven photocatalytic self-cleaning 




In summary, we presented a simple method to fabricate robust all-organic fluorine-free 
superhydrophobic bulk material that maintained water repellency under a variety of harsh 
mechanical and chemical environments as well as oil-fouling. Moreover, the bulk composite 
material possesses photocatalytic self-cleaning functionality due to the photocatalytic activity 
of the included g-C3N4, which enables the oil-fouled surface to regenerate its 
superhydrophobicity after visible light irradiation. With this work we were able to show the 
possibility to synthesize bulk materials combining superhydrophobic properties across the 
whole 3D material with the chemical and mechanical properties required for many applications. 
In addition, we were able to add photocatalytic self-cleaning properties. Applying this strategy, 
i.e. developing bulk materials with inherent superhydrophobic and/or self-cleaning properties, 
a major obstacle of superhydrophobic coatings can be circumvented. The robust and 
multifunctional bulk material developed here paves the way on the design of energy-saving and 
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